WHAT'S KNOWN ON THIS SUBJECT: Adolescents with chronic disease are a diverse population with common needs for transition. Disease-specific interventions have shown promise at improving patient outcomes but with substantial personnel and resource costs. Whether a generic approach across diseases may be useful is unknown.
Transition is the purposeful, planned transfer of adolescents with chronic medical conditions from child-centered to adult-oriented health care systems. The Institute of Medicine describes the health care transition for adolescents and young adults with chronic disease (ACD) as crucial to future health and psychosocial outcomes. 1 Healthy People 2020 identifies transition planning as a major objective for ACD. 2 However, there remain notable deficits in the transition experience for many ACD. 3 Health care providers and researchers recognize that generic disease management skills are required for and may be effectively and efficiently addressed across all chronic diseases. 3 Yet, to date, interventions that prepare adolescents for transition have often been disease-focused and delivered in-person, increasing cost and decreasing availability and efficiency. 4 Such clinic-based interventions do not have optimal reach because they do not account for the poor engagement of ACD with the health care system. 5 In a randomized clinical trial, we evaluated whether a generic, Internet-and mobile phone-delivered disease management intervention would improve disease management, self-efficacy, and communication outcomes in ACD. Inflammatory bowel disease (IBD), cystic fibrosis (CF), and type 1 diabetes (T1D), with their diversity in clinical course and disease burden, were chosen to represent the broad disease spectrum in ACD. We hypothesized that a generic intervention designed to improve disease management, health-related self-efficacy, and patient-initiated communications would be more effective than a general health intervention in ACD for transition preparation.
METHODS
Eighty-one patients with IBD, CF, or T1D and aged 12 to 22 years old without cognitive impairment were recruited (October 2010 to March 2011) from a tertiary care pediatric academic medical center serving ∼1 million youth. The sample size was 80 to account for a 10% attrition rate. The institutional review boards at the University of California, San Diego, and Rady Children' s Hospital approved the study protocol. Informed consent and assent were obtained before the study procedures.
Intervention Groups
Random assignment to the intervention group (MD2Me) or control groups (Fig 1; by random block assignment stratified by disease and generated by study statistician) occurred after the baseline visit. Participants were not blinded to study group assignment. Cell phones and plans were provided to MD2Me subjects who did not have a cell phone.
MD2Me
MD2Me subjects received an 8-month technology-based disease management intervention based on Bandura' s Social Cognitive Theory. The intervention targeted the self-management constructs 6 of monitoring disease symptoms, responding to monitoring with appropriate treatments, and actively working with health care providers to manage care. For 2 months, subjects were asked to log in to a secure Web site weekly to receive theme-based materials outlining common disease management and communication skills, and lifestyle tips (See Supplementary Materials and Figures for more information). Disease-specific case studies were provided to increase usability. Tailored short message service (SMS) messages and queries were delivered (3-5 messages/week) to ensure that participants received and understood intervention messages. After 2 months, Web site access was provided as a disease management and information resource. Weekly reminder SMS messages were also delivered to reinforce previously introduced concepts and skills.
To facilitate patient-initiated communications, MD2Me recipients were given access to an automated SMS algorithm (Fig 2) that provided disease management decision support and a health care team communications portal. Subjects could activate the SMS to report health concerns. According to level of urgency (ie, nonurgent [to be addressed within 48 to 72 hours] or urgent [requiring same-day attention]), subject concerns were relayed to the health care team (by page or e-mail for intervention). Usual health care communication portals (eg, phone) were available to all participants.
Controls
Controls received monthly messages via mail or e-mail (participant preference) addressing general health issues. Disease-specific information was provided as appropriate (eg, in the healthy nutrition module). Usual health care communication portals were available to controls.
Assessments
Participants' disease self-management and health-related self-efficacy were assessed at study visits at a clinical research office by measurement staff blinded to group assignment. Patientinitiated communications were assessed as noted below. Health literacy, health status, and demographic data were also collected. All instruments have been used in adolescents and found to be reliable and valid.
Disease Status
Disease status was assessed by using scales developed for each disease. We used the Pediatric Ulcerative Colitis Activity Index (range: 0-85, with 0 indicating no disease and higher scores indicating worse disease) 7 for patients with ulcerative/ indeterminate colitis and the abbreviated Pediatric Crohn's Disease Activity Index (range: 0-70, with 0 indicating no disease) 8 for patients with Crohn disease. For CF, we used the Cystic Fibrosis Clinical Score (range: 10-50, with 10 indicating no disease) 9 . The Diabetes Quality of Life Brief Clinical Inventory (range: 60-0, with 60 indicating perfect disease status satisfaction) 10 was used for T1D. Baseline predicted forced expiratory volume in 1 second and glycohemoglobin were extracted from the medical record for patients with CF and T1D, respectively.
Global Health Status
The Karnofsky Performance Scale, 11 a functional status assessment scale used in chronic disease populations (0-100, where 100 represents perfect health and 0 represents death), was used as a universal functional status measure across all diseases. We also used the Pediatric Quality of Life Scale (PedsQL) to measure quality of life as an indicator of health status. 12 
Health Literacy Assessments
Health literacy was assessed by using the Test of Functional Health Literacy in Adults. 13 The adult version was used to reflect the health information processing needs of patients transitioning to adult health care that was still sensitive to adolescent concerns. 14, 15 The Test of Functional Health Literacy in Adults provides information on both reading comprehension and numerical ability, with higher scores (0-100 range) indicating better literacy. Scores of ,60 represent inadequate literacy. 13 
Disease Management and Self-efficacy
The Transition Readiness Assessment Questionnaire (TRAQ) 4.1 16 is a measure of readiness for transition and assesses performance of chronic disease self-management skills. The TRAQ 4.1 was scored by using a 6-point scale where 0 points were given for subjects who felt that the skill was not necessary for their care, 1 point was given for not knowing how to perform the necessary skill, and 5 was given for performing the skill consistently when needed. The TRAQ assumes that subjects can correctly identify when a skill is not necessary for their care. To better capture the inability of subjects to recognize that a particular skill was needed for disease self-management, we scored inability to recognize a skill as needed for chronic disease self-management as 21; the scale was otherwise scored the same. In cases in
FIGURE 2
MD2Me SMS algorithm decision tree. Nonurgent, requiring intervention within 48 to 72 hours; Urgent, requiring intervention within 24 hours. ARTICLE which a given skill was deemed not necessary for chronic disease selfmanagement for a given patient situation, 0 points was assigned to the question. Because none of our patients was financially independent, all of the financial capability questions in TRAQ 4.1 were scored 0 points. A TRAQ summary score $4 is equivalent to respondents reporting that they are starting to perform necessary disease management skills.
The Patient Activation Measure 17 gauges participants' self-efficacy and confidence essential to managing one' s own health and health care on a scale of 0 to 100, with 100 representing functioning as an independently functioning adult with chronic disease). A normalized Patient Activation Measure score $68.5 is equivalent to having the self-efficacy and confidence to take charge of one' s own health and care (ie, ready for transition).
Patient-Initiated Health Care Communications
Frequency and mode of communication contacts between adolescent participants only (ie, not those initiated by the parent) and the health care system were recorded as the measures of patient-initiated health care interactions; communication contacts from 8 months before and during the study period were recorded and ultimately compared to determine changes in patient-initiated communications across intervention period by group. Specifically, the numbers of participant-initiated messages to the MD2Me communications portal were recorded, and electronicmedicalrecordreviewascertained the number of phone conversations between participants and his/her health care team. In the studied electronic medical record, all telephone encounters are recorded and then triaged to the appropriate provider (eg, nurse, scheduler, physician) for action.
Statistical Methods
Demographic and disease variable distributions were analyzed for descriptive purposes. Treatment groups were statistically compared to determine the equality of randomization. To permit comparisons across disease, disease status scores were normalized to a scale of 0 to 100, with 100 representing ideal health. Intervention outcomes (disease management, health-related self-efficacy, and patient-initiated communications) were analyzed by intent-to-treat randomization assignment, using repeated-measures models testing the treatment 3 time interaction. Variables expected to influence outcomes such as age, specific disease (ie, CF, T1D, and IBD), and literacy status were entered into outcome analyses. Statistical analyses were performed by using JMP statistical software (SAS Institute, Cary, NC); significance was set at P , .05.
RESULTS
Eighty-one youth with chronic disease were randomly assigned into the study (Fig 1) . Demographic data are presented in Table 1 . The ages of subjects in each disease group differed (median [interquartile range] for IBD, T1D, and CF: 17 [16] [17] [18] , 17 [16] [17] [18] , and 14 [13] [14] [15] [16] years, respectively; P = .004). There were no significant ethnic or gender differences. Seventy-five youth completed the study. There were no differences between the 6 dropouts (2 MD2Me subjects and 4 controls) and the main cohort by age (P = .20), disease (P = .10), gender (P = .53), or ethnicity (P = .10). There were no study-related adverse events or confidentiality breaches.
Disease Status
Disease status as measured by specific disease scales (P = .18-.86), functional performance (P = .31), and quality of life (P = .17) did not differ according to treatment group assignment (Table 1) . Disease severity varied by disease, as expected (Table 1) .
Baseline Health Literacy and Readiness for Transition (Disease Management and Health Self-efficacy) Measures
Significant baseline health literacy, disease management, and healthrelated self-efficacy differences were noted across disease groups (Table 2) but not according to treatment group (Table 3) . Most patients demonstrated adequate health literacy (74%). In contrast, only 34% (26% of MD2Me subjects and 41% of controls, P = .13) had begun to perform the necessary disease management skills needed for transition (defined as TRAQ $4). Both treatment groups had minimal patientinitiated outside-of-clinic-visit contact with their health care teams at baseline. 
Change in Chronic Disease

DISCUSSION
We demonstrated the efficacy of a technology-based, transition intervention to improve disease management, health-related self-efficacy, and patient-initiated communications in ACD across 3 disease groups. Our findings suggest that a more resourceintensive disease-specific approach may not be necessary now that a generic approach to aid ACD through transition has been shown to be efficacious. The use of technology in our program offers a low-cost alternative for intervention in this at-risk population, which can be distributed across time and geography and independent of the clinic setting.
Poor transition experiences are commonly reported among ACD 3 and have been linked to poor outcomes in this population, including poor mental health and psychosocial outcomes, and negative effects on functional ability, developmental milestone achievement, psychiatric health, employment, and sexual partnering into adulthood. 18 The need for ACD to be supported and prepared for transition is well recognized. Consensus statements (both disease-specific [19] [20] [21] and generic 22 ) on the needs of the adolescent during this period have been published. To prepare for the transition from childcentered to adult-centered care, ACD should learn the skills needed to effectively care for themselves and how to advocate for their own health issues. 23 Consensus guidelines suggest that this process should begin by age 14 years among ACD. 24 A generic approach to readiness for transition programs has not often been used in pediatrics despite evidence that low-cost disease management training using a generic approach improves health outcomes among adults with chronic disease. 25 We demonstrated successful use of a generic approach for transition preparation interventions in ACD. In fact, disease type did not appear to affect the intervention effect on any of the targeted outcomes in our study despite notable differences between disease groups at baseline in disease management, health literacy, and health-related self-efficacy. The approach to transition support tested in this study offers availability and utility across diseases. The technology-based approach offers the possibility of efficient implementation in a clinic setting with modest personnel time and effort.
Recent trends indicate a major shift to incorporate technologies into health behavior interventions. These technologies offer several advantages for health behavioral interventions, such as information and messages tailored to the participant, quick access, increased cultural sensitivity, and anonymity, which may be attractive regarding sensitive health issues. Similarly, mobile technologies can be used to improve health outcomes. The computing power and portability of mobile phones make possible new applications for automatic, timely, and tailored presentation of health messages, and because mobile phones are generally only accessed by a single individual, outreach can be improved for sensitive medical issues. Wireless devices are now ubiquitous, and text messaging is currently the main form of communication by adolescents today. 26 We previously demonstrated notable interest among ACD in using technologies in a disease management intervention, 27 which has since been validated by others. 28 Suboptimal health literacy has been linked to poorer chronic disease and health outcomes among adults. 30, 31 Among children, low parental health literacy also appears to adversely affect children' s health outcomes. 32 Similarly, we found that adolescent/young We did not find significant effects of age on disease management, health-related self-efficacy, or patient-initiated communication outcomes. This finding is potentially important because young adolescents are not often given the autonomy to make independent health decisions due to their presumed immaturity. Although many guidelines recommend that transition and disease management training should begin by age 14 years, others promote engaging the child affected by chronic disease at an even younger age 33 to set up a culture of learning and engagement throughout what will be a lifetime of health care experiences. Our findings support that benefit can be derived from intervening during early adolescence because self-efficacy and patientinitiated communication improvements were seen independent of age and literacy status in MD2Me-assigned participants.
Limitations of our study include the relatively small sample size, singleinstitution recruitment, and specific patient populations studied. Nevertheless, we recruited at the main pediatric referral center for a catchment area of ∼1 million persons (,18 years) across a broad variety of ACD. Although we demonstrated success in our generic intervention approach to prepare ACD for the transition process, we only tested it in 3 patient populations. Nevertheless, these patient cohorts together represent a broad range in health status, disease, and disease management burden. Although we would like to attribute improvements in the treatment group to the MD2Me intervention, an alternative explanation for the improvements may have been the increased frequency of intervention interactions in the MD2Me (weekly) compared with the control (monthly) group. The relatively short duration of the intervention and followup period likely limited our ability to affect disease and functional status.
Conclusions
We demonstrated efficacy of a generic intervention approach to improve disease management skills, health-related self-efficacy, and patient-initiated communications in ACD. Theuseofacommon approach and available technologies offers a potentially low-cost option for a population that is sparse and widely distributed. Further study is required to determine whether demonstrated improvements translate into an improved transition experience for ACD.
